Radiologist, The Royal Cripples and The Queen Elizabeth Hospitals, Birmingham THERE is probably no more interesting or varied study in pathology than the study of bone tumours. Throughout the years there has been a constant search by clinicians, pathologists and more recently radiologists to find evidence which would reveal the nature of these lesions. Much has been learnt which permits us to classify the majority of bone tumours; but with one's experience limited to a little less than forty years-which includes the macroscopic and microscopic study of pathological conditions in the food animals at the Birmingham Public Abattoir for over nine years-I have to admit that we have not yet discovered one sign on which we can entirely depend for a solution of our difficulties. We have learnt that the clinical features can be indistinguishable, though the tumours are essentially different, even as regards their simplicity and malignancy; they may appear to be grave yet the lesion simple; they may appear insignificant yet the lesion may be deadly.
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Because it was felt that early diagnosis and prompt amputation gave the best chance to eradicate malignant disease, undue significance and reliance have been placed upon the interpretation of the histological appearances of the tumour tissue, and biopsy became, and in some centres still is, the recognized initial measure in treatment. Alas, because pathology was taught from well-established lesions which presented certain well-defined characters, the impression was conveyed to surgeons that biopsy afforded the best evidence. But those who have had a wide experience know that the most simple lesions can contain cellular tissues which are indistinguishable from some considered as characteristic of malignancy; though in some highly malignant tumours those characters may not be found. Hence, from a given tumour, material has been submitted to a number of expert pathologists and as many different opinions have been obtained, ranging from simplicity to high malignancy. The more extensive the histological investigations throughout the course of a bone tumour, the more varied and confusing the opinions of the different observers appear to be. On the other hand, individual histologists have seen the same cellular structures in groups of tumours which they have classified accordingly, though these tumours have been proved clinically and radiologically to be of essentially different pathology. No [1] . Both tumours are recorded as being chondroblastic sarcoma from their histological appearances, yet the radiographic definition of the tumour tissue in fig. 125 suggests simplicity which is borne out by the subsequent cure, whereas fig. 126 shows that the bone structure has been reduced to a "mush", as one would expect from the irregular destruction by invasion of malignant cells and this is borne out by the subsequent fatal issue.
To-day with the ubiquity of X-ray units the radiograph has become the first court of reference. This court also has its great limitations and difficulties which are all too little appreciated. As in pathology, so in radiology, the teaching of clinicians has been from spectacular and well-established radiographic appearances while the more common slight and insidious changes, because more difficult to appreciate by any but the experienced observers, have been avoided.
Because the radiographs of lesions show spectacular localized irregularities in calcification and ossification such lesions are thoughtlessly dubbed sarcomata, and sometimes it is not until irrevocable and unnecessary amputation has been performed, and the subsequent history has indicated the useless disaster, that the cases have been published as ' simulating sarcoma". The literature contains records of many such cases. Amputations have been performed because of a mass of callus at the site of an unrecognized fracture, localized myositis ossificans, subperiosteal haematomata, and hamatomata associated with neurotropic lesions, scurvy, osteogenesis imperfecta, hamophilia, &c.
The admonishing words of John Hunter, "It is astonishing to see what little curiosity people have to observe the operations of nature and how very curious they are about the operations of art", deserve to be especially emphasized in the diagnosis and treatment of bone tumours. Radiology has given the clinician a further means of observing the behaviour of bone tumours, and though it has the advantage recognized by the lay and medical press of 1896, immediately Roentgen's discovery was made known, i.e. that the examination can be made without causing the patient any additional pain, it has been neglected. One radiographic examination may give the required evidence for diagnosis, but in many cases it is insufficient for this purpose, and, like the clinical examination, must be repeated, sometimes frequently, over a course of months, before we can determine the nature of the lesion. In previous papers [2] 1 have drawn attention to the importance of the latent negative radiographic period which elapses between the onset of clinical signs and symptoms and the development of sufficient changes for radiographic demonstration, and the positive radiographic symptomless period during which there may be spectacular radiographic evidence of healed lesions which are of no clinical significance. As an instance of the significance of the former we may take metastatic carcinoma where the clinical signs and symptoms may be present at a site months before radiographs indicate characteristic changes in the bone. As an instance of the latter-the positive radiographic symptomless periodwe have no better example than the aseptic infarct in bone which occurs without recognition and is not discovered until a radiograph of the part is taken because of some other factor, i.e. trauma, arthritis; then undue significance may be placed upon the spectacular radiographic appearances, and biopsy with its erroneous histological interpretation is sometimes followed by unnecessary amputation. Failure to seek the co-operation of the radiologist is responsible for many errors and any registry of bone tumours which fails to recognize that expert radiographic evidence is an essential complement to that obtained by the clinician and pathologist will fail to achieve the best results; indeed, it may give rise to erroneous impressions.
There is perhaps no better instance of the confusion which can arise from interpretations of extensive histological examinations in the case of a simple lesion with prominent clinical signs and ill-understood spectacular radiographic appearances than that recorded by S. L. Baker [3] . In this case of osteogenesis imperfecta, the child sustained a fracture and at the site an extensive hiemorrhage occurred which produced clinical and radiographic signs interpreted as those of a rapidly growing sarcoma. A biopsy was performed five weeks after the fracture and "disarticulation of the hip was considered but regarded as too risky and of doubtful value and palliative X-ray treatment was decided on". A course of deep X-radiation was given. The first biopsy yielded material which "I considered showed a chondrosarcoma but later had expressed doubt upon, considering that the extreme rarity of a sarcoma developing on fracture indicated further investigation of the biopsy material ". A second biopsy yielded material which favoured a better outlook, and clinical and It is very rare for trauma to be followed at once by the development of sarcomatous metaplasia. The history of trauma is often given in cases of sarcoma, but radiographs taken immediately after the alleged trauma indicate that the lesion was well developed at the time of the trauma, which, because of abnormal tenderness, drew the patient's attention to the site. A knowledge of the time taken for the sequence of radiographic changes to have developed supported the view that the trauma was the cause of the lesion.
In some cases sarcomatous metaplasia occurs at the site of a known old fracture or lesion in the bone. The radiographs will indicate, however, to the trained observer that the bone lesion is old, but it may not, in the early stages, show any evidence that malignancy has developed. It is the clinical evidence in these cases which should guide us. The nature of the condition must be one of conjecture. Even for an osteomyelitis (of which she gave no clinical or laboratory evidence) with multiple pulmonary infarcts, the cure is very remarkable, for neither the bone nor the lung, which were both seriously affected, showed any residual lesion-a rarity with such disintegration. It is possible that the condition was related to that group of bone pathology, the granulomata of reticulo-endotheliosis which includes xanthomatosis, lipoid granuloma, eosinophil granuloma, or possibly to some such infection as parathyroid, for lesions in this group may heal without leaving any scars. As I have indicated elsewhere [8] aborted osteomyelitis from any cause may be associated with radiographic appearances liable to be mistaken for sarcoma. A remarkable and complete cure resulted in this case without any surgical intervention. radiographic observations over three years confirmed this. But as I had indicated in a previous paper [4] to which S. L. Baker referred, the nature of such lesions, their development, and even their essential histological features may be determined by serial radiographic examinations which cause the patient no pain and do not involve the risk of the erroneous interpretation which might have cost this patient useless pain and risk of losing the affected limb. As I recorded, such a lesion in a patient with osteogenesis imperfecta did eventually develop malignant metaplasia, with the spread of metastases and death; but this event has been seen to occur in isolated cases with localized or generalized osseous dysplasia but is not the common sequence.
When we consider the answer to the question, What is a bone tumour? we must use some classification of the lesions which appear clinically, histologically and radiographically to fall under that heading. As I have indicated in a previous paper [5] classification of bone tumours on clinical signs and symptoms alone is impossible. Classification on clinical and histological grounds together is likely to be erroneous as already indicated, and must be based essentially on post-mortem and histological appearances rather than on living tissue. Modern classification is being made principally on radiographic findings, though, as indicated, this must be made with recognition of possible shortcomings. By radiography alone can we study the living structure of the tumour, watch its development, life-history and the reaction of the adjacent tissues; but in our interpretation we must always keep a careful scrutiny of the clinical course. The radiography must always be first-class showing the intimate osseous structure in sharp definition with the lesion in the middle of the radiograph so that its extension and changes can be compared with subsequent radiographs. Anything less than this is unsatisfactory and may seriously affect the interpretation.
By radiography we can separate the bone tumours into the following seven sections:
(1) Congenital and developmental irregularities of the skeleton. Briefly summarized, the essential features of lesions in these sections are as follows:
(1) The Congenital and Developmental irregularities of the skeleton can be recognized from the maturity of the osseous structure of the affected bones.
(2) Dysplasias and dystrophies of the skeleton.-The skeletal changes associated with these irregularities of mesoblastic growth may affect (a) the whole skeleton as in: Osteogenesis imperfecta; Albers-Schonberg's disease achondroplasia; chondro-osteo-dystrophy, or (b) while in isolated cases the dysplasia may be generalized throughout the skeleton, it is more frequently found to involve mainly one side of the skeleton; every bone on that side being completely involved, or bearing but single or multiple foci; the bones on the other side being free or exhibiting one or two small lesions.
The degree of the dysplasia may be such as is incompatible with life; it may permit of childbirth, the infant may come to adolescence or maturity; again, it may be so trivial that it is only discovered by radiography during examination following trauma, disease, &c. The recognition of such lesions may be of great significance.
Such dysplasias may be associated with: (f) Proliferation of abnormal osseous tissue (Leri's melorheostosis).
These dysplasias may be associated with the deficiency diseases, &c., their appearances being accordingly changed. The Within the limits of this paper it is impossible to illustrate examples of lesions in all these sections. That has been done elsewhere [6] , but the following figures illustrate a few of the many cases which were watched throughout their course, during which they exhibited features liable to be misinterpreted as indicating malignancy, yet which resolved without any surgical intervention. In some (as in the case described by S. L. Baker) major surgical measures would undoubtedly have been performed, but for other features in the cases which indicated the futility of such actions. CONCLUSION For the diagnosis of tumours of bones we are dependent on the clinical and radiographical evidence. This can be obtained without causing the patient any pain and without disturbing the lesion. Such evidence permits of the most accurate diagnosis. In many cases the radiographic evidence in itself is distinctive and permits accurate diagnosis at a time when the clinical examination yields little or no contribution. The values of the two methods are reversed when the lesion does not involve the bone. In some cases neither the clinical nor the radiographical evidence is sufficiently characteristic at the first examination. We may have to make repeated dbservations over several weeks or months before we can decide.
Because it was thought that prompt amputation of the affected limb offered the best and only cure and that the waiting period could be eliminated by histological examination of the tumour tissue, a resort to biopsy was often made. I regret to say that in my experience when the clinical and the radiographic evidence is indefinite the histological appearances are at least equally indefinite-in fact may only add confusion or errors to the judgment.
The cases of two young women under 20 years of age occur to me. Both of them had lesions in the lower third of the humerus. The one appeared radiographically as a localized rounded sequestrum within a cyst; it appeared to be a simple lesion. The sequestrum was enucleated and some sections were histologically examined and reported as showing evidence of a rapidly growing sarcoma. The limb was amputated but on careful examination of the specimen it had all the aspects of simplicity, though one section had the suspicious cells. The patient is now alive and fit ten years later. The second patient had an ill-defined change in the shaft, the appearance of which suggested an early Ewing's tumour, but clinically it appeared to be a localized inflammatory lesion. Some pus-like material was evacuated by the surgeon but histological examination of small pieces of tissue from the site were reported as having the characters of a highly malignant endothelial myeloma, and as at that time prompt amputation was regarded as the only chance of cure, I urged that this should be done. Fortunately the parents refused, for the lesion completely resolved, and now, ten years after, she is fit and well. I have not been fortunate enough to see cure resulting from prompt amputation of a limb showing the typical radiographic evidence of an osteogenic sarcoma. To amputate a limb when the radiographic and clinical evidence is not conclusive, even though the histology suggests malignant disease, is to take an unjustifiable risk. If biopsy is excusable, it is so when it provides material which supports the clinical and radiographic evidence of simplicity, rather than malignancy, and prevents amputation. This raises the question as to who shall interpret the radiographic appearances. My answer is, the person who by learning and practice has fitted himself to do so. There is a growing tendency for the clinician to use his own interpretation of radiographs rather than that of his colleague, the radiologist. This is unfortunately the cause of much dissatisfaction. The clinician by co-operation can bring forth evidence which permits of great improvement in the value of the radiologist's report. Much of my own radiological interpretation I have learnt with the help of cooperating clinicians, for in certain specialized fields the clinician has the better chance of correlating the clinical and surgical findings with the radiographic appearances; but he cannot do this to the best advantage unless he has made himself acquainted with all the radiographic features likely to influence the decisions. Unless the radiologist seeks the information which the clinician can give he will be unable to give that additional help which the clinician has a reasonable right to expect. The radiologist's opinion is sometimes ignored. The clinician may well excuse himself for being wrong in such cases, but he may not forgive the radiologist for being right, until he has learnt that the practice is consistent.
May I suggest to those concerned with the education and training of radiologists that the student be taught more extensive radiology in its application to clinical methods at the expense of the practically useless physics, which at present engages far too much of his time. Some of the responsible elders in radiology appear to believe that there is no need to give the student for his diploma examination more than a general outline of the common conditions met with in radiology. To-day the medical student is taught that, but I consider that the radiologist ought to make himself so familiar with all the radiological features which are met with in all specialities, that he can give expert advice to the consultant specialist seeking it. It should be his job to find out in what way radiology can help. He will only be able to do this if he is not compelled to acquire non-essential facts. A better knowledge of clinical medicine is far more important than a smattering of physics which he can safely leave to the physicist. The more radiographs I see the more significance I place on clinical findings. A number of cases have reported at hospital complaining of pain, unusual tumour, tenderness, pulsation, or fracture of relatively short duration; radiographs of the affected area have shown evidence of osteogenic sarcoma, and radiographs of the chest have shown, even at the first examination, evidence of secondaries in the lung. Some patients without the latter evidence have been subjected to prompt amputation but metastases have subsequently developed with fatal issue.
Experience with these cases, and with those amputations of limbs for lesions which are subsequently found to be simple, indicates that there is nothing to be gained by undue haste and precipitate amputation but something can be gained by observation of the clinical features and serial radiographs; it supports the conclusions included in the final chapter of my book.
